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METHODS 

This invention relates to the regulation of metabolism and in particular to human 
genes involved in appetite control or obesity. The invention also relates to the identification 
5 of ligands that interact with receptors encoded by such genes and the provision of therapeutic 
agents. 

Obesity is now a major health problem. Currently 22.5% of the US population is 
considered to be clinically obese, 18.5% in the UK and with many other developed countries 
following this trend. It has been described as the most extensive non-communicable disease 
10 of the 21 st century. Currently available treatments are reviewed by ML Lean in Exp. Clin. 
Endocrinol Diabetes, 1998, 106, Suppl. 2, 22-26. These include diet and, in extreme cases, 
surgery. 

It is only in recent years that the genetic basis and influences on obesity have been 
studied in detail. By some estimates 40-70% of the variation in obesity-related phenotypes in 

15 humans is heritable. The search for human obesity genes is conveniently summarised by 
Comuzzie et al (Science, 1998, 280, 1374-1377). In particular, leptin (LEP), the product of 
the ob gene, and the leptin receptor (LEPR) have now been studied in detail. Leptin is a 
hormone secreted by adipose tissue which, along with its receptor, are integral parts of the 
complex physiological system which has evolved to regulate and control energy balance and 

20 storage at an optimal level (Freidman JM and Halaas JL 1998 Nature 395, 763-769). Leptin 
also appears to play an important role in relaying nutritional status to several other 
physiological systems. The relevance of leptin to the pathogenesis of obesity in general is the 
subject of much study and underlines the complex nature of human obesity. A human obesity 
gene map is now available and the number of genes and other markers that have been 

25 associated or linked with human obesity phenotypes now approaches 200. 

A large number of products are being developed for the treatment of obesity and 
eating disorders and these are targeted against a wide range of biological targets. The chosen 
targets include enzymes, hormones, neurotransmitters as well as the so-called G-protein- 
coupled-receptors (GPCRs). The GPCRs represent one of the largest families of genes so far 

30 identified. Over 800 family members have been cloned to date from a wide variety of 
species. 
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Our investigations have now revealed that the mRNA coding for a G-protein-coupled- 
receptor, GPR22, is differentially expressed in rodent appetite/obesity models. It follows that 
peptidic and non-peptidic compounds which modulate the biological activity of GPR22, will 
have utility in controlling food intake and metabolic processes. 
5 Human GPR22 is a receptor with no known physiological ligand - i.e. it is an 

"Orphan Receptor". The gene encoding GPR22 is located on human chromosome 7 q22- 
q3U (O'Dowd, et al, 1997, Gene, 187, 75-81). The receptor with closest identity is the 
receptor for cholecystokinin-B, with which it shares 34% identity in the transmembrane 
domains (ibid). GPR22 is expressed in discrete brain regions including thalamus, caudate, 
10 frontal cortex and putamen (ibid). 

A cDNA encoding GPR22 was cloned by O'Dowd B F et al., 1997, Gene 187, 75-81 . 
The cDNA sequence has been submitted to the Genbank database under accession number 
U66581. The amino acid sequence is published in the EMBL database under accession 
number Q99680. 

15 Therefore in a first aspect of the present invention we provide a method for the 

provision of an appetite control agent which method comprises using one or more agonists 
and/or antagonists of the G protein coupled receptor GPR22 as test compounds in one or 
more appetite control test procedures, and selecting an active compound for use as an appetite 
control agent 

20 Convenient appetite control test procedures include the use of animal models to test 

the role of the test compound in appetite control and obesity. These will typically involve the 
administration of compounds by intra peritoneal injection, subcutaneous injection, 
intravenous injection, oral gavage or direct injection via canullae into the CNS of 
experimental animals. The effects on food intake, body temperature, metabolic rate, 

25 behavioural activities and body weight changes may all be measured using standard 
procedures. 

Suitable antagonists or agonists may be firstly identified by screening for agonists 
and/or antagonists of GPR22. 

Therefore in a further aspect of the present invention we provide a method for the 
30 provision of an appetite control agent which method comprises (i) screening for agonists 
and/or antagonists of GPR22 and (ii) using one or more agonists and/or antagonists so 
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identified as test compounds in one or more appetite control test procedures, and selecting an 
active compound for use as an appetite control agent 

GPR22 is from any mammalian species, including human, rat, mouse, monkey, and 
dog. For screening purposes GPR22 is conveniently human GPR22. 

5 Mammalian GPR22 may be conveniently isolated from commercially available RNA, 

brain cDNA libraries, genomic DNA, or genomic DNA libraries using conventional 
molecular biology techniques such as library screening and/or polymerase chain reaction 
(PCR). These techniques are extensively detailed in Molecular Cloning - A Laboratory 
Manual, 2 nd edition, Sambrook, Fritsch & Maniatis, Cold Spring Harbor Press. 

10 The resulting cDNA's encoding mammalian GPR22 are then cloned into 

commercially available mammalian expression vectors such as pcDNAEI (InVitrogen Ltd 
etc. see below). An alternative mammalian expression vector is disclosed by Davies et al, J 
of Pharmacol & Toxicol. Methods, 33, 153-158. Standard transfection technologies are used 
to introduce these DNA's into commonly available cultured, mammalian cell lines such as 

15 CHO, HEK293, HeLa and clonal derivatives expressing the receptors are isolated. An 

alternative expression system is the MEL cell expression system claimed in our UK patent no. 
2251622. 

Application of a natural ligand to these cells causes activation of the transfected 
receptor that will cause changes in the levels of intracellular signalling molecules such as 

20 cyclic-AMP, intracellular calcium ions or arachidonic acid metabolite release. These may all 
be measured using standard published procedures pnd commercially available reagents. In 
addition, the receptor cDNA's may be transfected into derivatives of these cells lines that 
have previously been transfected with a "reporter 77 gene such as bacterial LacZ, Luciferase, 
aequorin or green fluorescent protein that will "report" these intracellular changes. 

25 The natural ligand for GPR22 is not yet known. The cells transfected with GPR22 

may be used to find natural ligands that will activate GPR22. Ligands may be sourced 
commercially or synthesised chemically (Lembo et al., 1999, Nature Cell Biol, 1, 267-271) 
or may be purified from mammalian sources such as animal brain extracts (Saurai et al., 
1998, Cell, 92, 573-585). Once identified, purified, radiolabelled or fluorescently labelled 

30 material (eg. Amersham PLC & Advanced Bioconcept Ltd) may be used as a ligand to detect 
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ligand binding to the transfected receptors using standard published ligand binding assay 
technologies. 

The transfected cell lines may be used to identify low molecular weight compounds 
that activate the receptors and cause changes in intracellular signalling molecules which 
5 mimic the effects of the natural ligand, these are defined as "agonists". 

In addition or alternatively, the same assays can be used to identify low molecular 
weight compounds that prevent activation of the receptors and suppress the effects of the 
natural ligand, these are defined as "antagonists". 

The test compound may be a polypeptide of equal to or greater than 2 amino acids, 
10 such as up to 6 amino acids, up to 10 or 12 amino acids, up to 20 amino acids or greater than 
20 amino acids such as up to 50 amino acids. For drug screening purposes, preferred 
compounds are chemical compounds of low molecular weight and potential therapeutic 
agents. They are for example of less than about 2000 daltons, such as less than 1500, 1000, 
800, 600 or 400 daltons in weight If desired the test compound may be a member of a 
15 chemical library. This may comprise any convenient number of individual members, for 
example tens to hundreds to thousands to millions of suitable compounds, for example 
peptides, peptoids and other oligomeric compounds (cyclic or linear), and template-based 
smaller molecules, for example benzodiazepines, hydantoins, biaryls, carbocyclic and 
polycyclic compounds (eg. naphthalenes, phenothiazines, acridines, steroids etc.), 
20 carbohydrate and amino acids derivatives, dihydropyridines, benzhydryls and heterocycles 
(eg. triazines, indoles, thiazolidines etc.). The numbers quoted and the types of compounds 
listed are illustrative, but not limiting. Preferred chemical libraries comprise chemical 
compounds of low molecular weight and potential therapeutic agents. 

In a further aspect of the invention we provide the use of an agonist of GPR22 as an 
25 appetite control agent. 

In a further aspect of the invention we provide the use of an antagonist of GPR22 as 
an appetite control agent 

It will be appreciated that the present invention includes the use of oithologues and 
homologues of human GPR22. 
30 By the term "orfhologue" we mean the functionally equivalent receptor in other 

species. 
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By the term "homologue" we mean a substantially similar and/or related receptor in 
the same or a different species. 

For either of the above definitions we believe the receptors may have for example at 
least 30%, such as at least 40%, at least 50%, at least 60%, and in particular at least 70%, 

5 such as at least 80%, for example 85%, or 90% or 95% peptide sequence identity. It is 
appreciated that homologous receptors may have substantially higher peptide sequence 
identity over small regions representing functional domains. We include receptors having 
greater diversity in their DNA coding sequences than outlined for the above amino acid 
sequences but which give rise to receptors having peptide sequence identity falling within the 

1 0 above sequence ranges. Convenient versions of GPR22 include the published sequence (ref 
al.ibid) and the sequence identities set out in tables 1 to 3. 

Fragments and partial sequences of the GPR22 may be useful substrates in the assay 
and analytical methods of the invention. It will be appreciated that the only limitation on 
these is practical, they must comprise the necessary functional elements for use in the relevant 

15 assay and/or analytical procedures. 

In a further aspect of the present invention we provide a method of appetite control 
which method comprises administering to an individual a pharmaceutically effective amount 
of an appetite control agent identified using one or more of the methods of this invention. 
The appetite control agent of this invention may be administered in standard manner 

20 for the condition that it is desired to treat, for example by oral, topical, parenteral, buccal, 
nasal, or rectal administration or by inhalation. For these purposes the compounds of this 
invention may be formulated by means known in the art into the form of, for example, 
tablets, capsules, aqueous or oily solutions, suspensions, emulsions, creams, ointments, gels, 
nasal sprays, suppositories, finely divided powders or aerosols for inhalation, and for 

25 parenteral use (including intravenous, intramuscular or infusion) sterile aqueous or oily 
solutions or suspensions or sterile emulsions. 

Knowledge of the GPR22 gene provides the ability to regulate its expression in vivo 
by for example the use of antisense oligonucleotides. Thus, according to a further aspect of 
the invention we provide an appetite control agent comprising an antisense oligonucleotide 

30 which is complementary to all or a part of a polynucleotide sequence shown in table 1 . By 
complementary we mean that the two molecules can hybridise to form a double stranded 
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molecule through nucleotide base pair interactions. U.S. Patent No. 5,639,595, Identification 
of Novel Drugs and Reagents, issued Jun. 17, 1997, wherein methods of identifying 
oligonucleotide sequences that display in vivo activity are thoroughly described, is herein 
incorporated by reference. 

5 The antisense oligonucleotide for co-operation with a polynucleotide sequence 

corresponding to all or a part of a GPR22 gene may be produced using conventional means, 
by standard molecular biology and/or by chemical synthesis. If desired, the antisense 
oligonucleotide may be chemically modified so as to prevent degradation in vivo or to 
facilitate passage through a cell membrane and/or a substance capable of inactivating mRNA, 

10 for example ribozyme, may be linked thereto. Examples of antisense molecules include but 
are not limited to DNA, stable derivatives of DNA such as phosphorothioates or 
methylphosphonates, RNA, stable derivatives of RNA such as 2'-0-alkylRNA, or other 
oligonucleotide mimetics such as peptide nucleic acids. U.S. Patent No. 5,652,355, Hybrid 
Oligonucleotide Phosphorothioates, issued July 29, 1997, and U.S. Patent No. 5,652,356, 

15 Inverted Chimeric and Hybrid Oligonucleotides, issued July 29, 1997, which describe the 
synthesis and effect of physiologically-stable antisense molecules, are herein incorporated by 
reference. 

The antisense oligonucleotide can be complementary to the full length GPR22 gene of 
the invention or to a fragment thereof. Antisense molecules which comprise oligomers in the 

20 range from about 12 to about 30 nucleotides which are complementary to the regions of the 
gene which are proximal to, or include, the protein coding region, or a portion thereof, are 
preferred embodiments of the invention. GPR22 gene antisense molecules may be introduced 
into cells by microinjection, liposome encapsulation or by expression from vectors harboring 
the antisense sequence. 

25 GPR22 may also be used as the basis for diagnosis, for example to determine 

expression levels in a human subject, by for example direct DNA sequence comparison or 
DNA/RNA hybridisation assays. Diagnostic assays may involve the use of nucleic acid 
amplification technology such as PGR and in particular the Amplification Refractory 
Mutation System (ARMS) as claimed in our European Patent No. 0 332 435. Such assays 

30 may be used to determine allelic variants of the gene, for ©cample insertions, deletions - 
and/or mutations such as one or more point mutations. Such variants may be 
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heterozygous or homozygous. Other approaches have been used to identify mutations in 
genes encoding similar molecules in obese patients (Yeo et al, 1998, Nature Genetics, 20, 
111-112). 

In a further aspect of the invention GPR22 can be genetically engineered in such a 

5 way that its interactions with other intracellular and membrane associated proteins are 
maintained but its effector function and biological activity are removed. The genetically 
modified protein is known as a dominant negative mutant. Overexpression of the dominant 
negative mutant in an appropriate cell type down regulates the effect of the endogenous 
protein, thus revealing the biological role of the genes in appetite control. 

10 Similarly, GPR22 may also be genetically engineered in such a way that its 

effector function and biological activity are enhanced. The resultant overactive protein is 
known as dominant positive mutant Overexpression of a dominant positive mutant in an 
appropriate cell type amplifies the biological response of the endogenous, native protein, 
spotlighting its role in appetite control. This also has utility in a screen for detecting 

1 5 antagonists of the constitutively active receptor in the absence of a ligand . 

Therefore, in a further aspect of the invention we provide dominant negative and 
dominant positive mutants of GPR22 and their use in evaluating the biological role of GPR22 
in the control of appetite. 

Transgenic animal technology is also contemplated, providing new experimental 

20 models, useful for evaluating the effects of test compounds on the control of obesity and 
eating disorders. GPR22 genes may be deleted, inactivated or modified using standard 
procedures as outlined briefly below and as described for example in "Gene Taj^eting; A 
Practical Approach", IRL Press, 1993. The target gene or a portion of it, for ©cample 
homologous sequences flanking the coding region, is preferably cloned into a vector with a 

25 selection marker (such as Neo) inserted into the gene to disrupt its function. The vector is 
linearised then transformed (usually by electnoporation) into embryonic stem cells (ES) cells 
(eg derived from a 129/Ola strain of mouse) and thereafter homologous recombination events 
take place in a proportion of the stem cells. The stem cells containing the gene disruption are 
expanded and injected into a blastocyst (such as for example from a C57BL/6J mouse) and 

30 implanted into a foster mother for development Chimaeric offspring may be identified by 
coat colour markers. Chimaeras are bred to ascertain the contribution of the ES cells to the 
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germ line by mating to mice with genetic markers which allow a distinction to be made 
between ES derived and host blastocyst derived gametes. Half of the ES cell derived gametes 
will cany the gene modification. Offspring are screened (for example by Southern blotting) 
to identify those with a gene disruption (about 50% of the progeny). These selected offspring 

5 will be heterozygous and may therefore be bred with another heterozygote to produce 
homozygous offspring (about 25% of the progeny). 

Transgenic animals with a target gene deletion ("knockouts") may be crossed with 
transgenic animals produced by known techniques such as microinjection of DNA into 
pronuclei, sphaenoplast fusion or lipid mediated transfection of ES cells to yield transgenic 

10 animals with an endogenous gene knockout and a foreign gene replacement ES cells 

containing a targeted gene disruption may be further modified by transforming with the target 
gene sequence containing a specific alteration. Following homologous recombination the 
altered gene is introduced into the genome. These embryonic stem cells may subsequently be 
used to create transgenics as described above. 

1 5 The transgenic animals will display a phenotype which reflects the role of GPR6 in 

the control of appetite and obesity and will thus provide useful experimental models in which 
to evaluate the effects of test compounds. Therefore in a further aspect of the invention we 
provide transgenic animals in which GPR22 genes are deleted, inactivated or modified, and 
their use in evaluating the effects of test compounds in appetite control and obesity. 

20 The invention will now be illustrated but not limited by reference to the following 

specific description and tables [Many of the specific techniques used are detailed in standard 
molecular biology textbooks such as Sambrook, Fritsch & Maniatis, Molecular cloning, a 
Laboratory Manual, Second Edition, 1989, Cold Spring Harbor Laboratory Press. 
Consequently references to this will be made at the appropriate points in the text.]: 

25 

PCR Cloning of GPR22 

Oligonucleotide primers of 30 nucleotides in length corresponding to sequences 
immediately 5' of the initiating ATG codon and immediately 3' of the termination codon for 
the coding sequences of human and rodent GPR22 (sequences below) are synthesised. 
30 Commercial sources of rodent and human brain RNA are used as templates in standard RT- 
PCR reactions with these primers. RT-PCR primers are designed to incorporate nucleotides 
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coding for tag sequences e.g. myc, His 6 to facilitate purification of the proteins at a later 
stage. Commercially available RT-PCR kits are used in accordance with the suppliers 
instructions and as documented in the Sambrook reference cited above. Products of the PCR 
vector are cloned using standard technology (ibid) into the plasmid vector pBluescript 
5 (Stratagene Ltd.). Plasmid DNA is isolated (ibid) and subjected to DNA sequence analysis 
(ibid) to identify a clone containing the GPR22 sequence identical to those listed below. The 
inserts corresponding to GPR22 cDNA are released from this DNA using standard digestion 
procedures and with appropriate restriction endonuclease enzymes. The inserts are then 
cloned into suitably prepared plasmid DNA using standard technology (ibid). These plasmids 
10 are the expression vectors used in the studies described below. 

Cloning Into Expression Vectors 

(i) A variety of mammalian expression vectors may be used to express the recombinant 
GPR22 molecule as well as variants contemplated herein. Commercially available 

15 mammalian expression vectors which are suitable for recombinant expression, include but are 
not limited to, pcDNA3 (Invitrogen), pMClneo (Stratagene), pXTl (Stratagene), pSG5 
(Stratagene), EBO-pSV2-neo (ATCC 37593) pBPV-l(8-2) (ATCC 37110), pdBPV- 
MMTneo(342-12) (ATCC 37224), pRSVgpt (ATCC 37199), pRSVneo (ATCC 37198), 
pSV2-dhfr (ATCC 37146), pUCTag (ATCC 37460), and 1ZD35 (ATCC 37565), pLXEN and 

20 pSIR(Clontech),pIRES-EGFP(CIontech). Plasmid DNA containing the GPR22 cDNA 
inserts is then purified (ibid) and introduced into appropriate host cells. 

(ii) A vector is described for use with the Mouse Erythroleukaemia Cells (MEL) 
expression system using the human beta globin gene locus control region (Davies et aL, J of 
Pharmacol & Toxicol. Methods, 33, 153-158.). This vector system and derivatives thereof 

25 may also be used. Plasmid DNA containing the GPR22 cDNA inserts is then purified (ibid) 
and introduced into appropriate host cells. 

Transfection/Selection of Host Cells 

(i) Mammalian expression vector plasmid DNA is introduced (ibid) into cultured 
30 mammalian cells. Eukaryotic recombinant host cells are especially preferred. Examples 
include but are not limited to yeast, mammalian cells including but not limited to cell lines of 
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human, bovine, porcine, monkey and rodent origin, and insect cells including but not limited 
to Drosophila and silkworm derived cell lines. Cell lines derived from mammalian species 
which may be suitable and which are commercially available, include but are not limited to, L 
cells L-M(TK-) (ATCC CCL 1.3), L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), 

5 Raji (ATCC CCL 86), CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), COS-7 (ATCC 
CRL 1651), CHO-K1 (ATCC CCL 61), 3T3 (ATCC CCL 92), NIH/3T3 (ATCC CRL 1658), 
HeLa (ATCC CCL 2), C127I (ATCC CRL 1616),BS-C-1 (ATCC CCL 26), MRC-5 (ATCC 
CCL 171) and HEK293 (ATCC CRL 1573). In addition the DNA is introduced into variants 
of these cell lines that have previously been transfected and selected to express other proteins 

10 such as P-galactosidase, or mutated G-proteins such as Gal 6 (Milligan et al, 1996, TiPS, 17, 
235-237). Clones of mammalian cells expressing GPR22 cDNA are identified by selecting 
mammalian cell clones that have been selected on the basis of their resistance to antbiotics 
due to the presence of appropriate resistance genes on the parental plasmids (See Maniatis, et 
al), by RT-PCR of the introduced sequences and by detection of protein using specific 

15 antibodies. 

(ii) The DNA containing the beta-globin locus control region and GPR22 cDNA is 
introduced into MEL cells, clones are selected and analysed as described (Davies et al. op 
cit). 

The expression vectors may be introduced into host cells expressing GPR22 via any 
20 one of a number of techniques including but not limited to transformation, transfection, 

lipofection, protoplast fusion, and electroporation. Commercially available kits applicable for 
use with the present invention for hererologous expression, including well-characterised 
vectors, transfection reagents and conditions, and cell culture materials are well-established 
and readily available. [CLONTECH, Palo Alto, CA; INVITROGEN, Carlsbad, CA; 
25 PHARMINGEN, San Diego, CA; STRATAGENE, LaJolk, CA] 

Identification of Ligands for GPR22. 

Identification of the natural ligand for GPR22 entails successive purification and assay 
steps using rat, porcine, or other animal brain as starting material. Homogenised brain tissue 
30 is fractionated by conventional biochemical methods and fractions are screened for activity in 
the reporter cell assays described below. Detailed protocols for these methods are available 
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(Sakurai, et al. 1998, Cell, 92:573-585). Successive purification procedures yield a purified 
ligand for GPR22 that is characterised by sequencing methodologies (ibid). 

Cell Binding Assay. 

5 Mammalian cells isolated from the selection procedures described above are cultured 

by standard techniques and exposed to 125 [I] ligand. Following extensive washing of cells to 
remove unbound material the extent of ligand binding is quantitated in a Gammamaster 
counter (Packard) using the methods described in detail by Davies et al. (op cit). Cell clones 
showing the greatest binding of this ligand are progressed to the next phase of this process. 

10 

Membrane Preparation 

The mammalian cell clones identified by the method described above are cultured, 
harvested and used as the source of membrane preparation. Membranes are prepared from 
15 these cell clones by standard biochemical techniques that are described in detail by Davies et 
al. (op cit). 

Ligand Binding Assays 

(i) Cell membranes isolated from these mammalian cell clones are used to establish 
20 conventional ligand binding assays as described in detail in Davies et al. (op cit). or: 

(ii) The same membranes are used with the same radioligand or with GTPg[S]35 to 
develop a scintillation proximity assay (SPA) using proprietary SPA beads developed by 
Amersham Ltd. Licences and detailed protocols for this technique are available from 
Amersham Ltd. 

25 

Reporter Cell Assays :- cAMP / Ca++ flux / arachidonic add metabolite release 

Cells expressing GPR22 are identified as described above. These cells have also been 
engineered to express the LacZ gene coupled to the mammalian cyclic AMP response element 
(Egerton et al, JMoLEndocrinol, 1995, 14(2), 179-189). When cAMP levels increase in the 
30 cell the transcription of the LacZ gene is proportionately increased and may be measured by 
standard beta-galactosidase assays (Maniatis et al., ibid). 
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Cells expressing GPR22 are also engineered to express the G-protein Gal 6 (Milligan 
et al., 1996, TiPS, 17, 235-237). Upon activation the cells respond by increasing intracellular 
calcium concentrations. This increase is measured after pre-exposure of the cells to a 
fluorescent compound such as, but not limited to, Fura2 (Molecular Probes Ltd) by reading 
5 on any commercially available fluorescence analysing equipment (Lembo et al., 1999, Nature 
Cell Biol, 1,267-271). 

Cells expressing GPR22 are also assayed for the increased release of radiolabeled 
arachidonic acid metabolites following preincubation of the cells to 3 \H\ arachidonic acid 
and stimulation by PrRP31 (Davies et al., ibid). 

10 

Compound Screening 

Chemical compounds are tested for their ability to inhibit (antagonise) the biological 
15 activity of GPR22 and to increase (agonise) the activity of GPR22. 

(i) The ligand binding and SPA assays described above are conducted in the presence of 
varying amounts of individual compounds that will reveal those compounds that have the 
ability to displace the natural ligands from GPR22. 

(ii) These compounds are applied to the mammalian cells in the presence and absence of 
20 ligand and those compounds that influence the output of the assays described above are 

identified. 

The following methods, which do not require the presence of any ligand, are also 
suitable for identifying chemical compounds having the desired properties. 
Agonists: The reporter cells containing GPR22 are exposed to chemical compounds in the 

25 absence of any ligand, and assayed, as described, for changes in intracellular cAMP, and 
Ca++ as well as for increased arachidonic acid metabolite release. 
Antagonists: The GPR22 cDNA is mutated using standard molecular biology techniques 
(Maniatis, ibid) and transfected into the mammalian reporter cells, as described. Cell lines 
harbouring mutated receptors that give increased reporter gene activity are then used to screen 

30 chemical compounds for their ability to suppress this reporter gene activity through 
antagonising the constitutively active receptors. 
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Compound Testing In Vivo 

Compounds identified from the assays described above are considered for testing in 
animal models. Appropriately formulated compounds are administered by, but not limited to, 

5 oral gavage, intraperitoneal, intravenous, intramuscular or intracerebrovascular injection or 
infusion. Animals will include, but are not limited to, standard laboratory rodents, dogs and 
primates, obese Zucker rats, obese (pb/ob) mice, and diabetic (db/db) mice. The animals may 
be fed standard laboratory diets, or may be offered altered diets, including but not limited to, 
diets designed to induce hyperphagia and weight gain, for example high fat, high 

10 carbohydrate (Stock, 1998, Clinical Obesity, Oxford Press, 50-72). The effect of compound 
on the following, but not limited to, will be established: food intake parameters, water intake, 
body weight changes, body fat, protein and water composition, endocrine parameters, 
metabolic substrate concentrations, energy expenditure and behavioural activities, using 
standard physiological, biochemical and neurobiological methods (Halford et al, 1998, 

15 Pharmacol. Biochem. Behav., 61, 159-168, Shimada et al, 1998, Nature, 396, 670-674). 

Antibody Production 

The GPR22 polypeptide can be used to raise diagnostic antibodies to detect the 
receptor in cultured cells and in vivo. Therefore, in accordance with yet a further aspect of 

20 the present invention, there are provided antibodies against the GPR22 polypeptide which 
may be used as part of various diagnostic assays for detecting physiological eating disorders. 
An example for the production of effective polyclonal antibodies against peptides derived 
from the known amino acid sequences of GPR22 utilises a well established algorithm method 
developed by Jameson and Wolf, The antigenic Index: A novel Algorithm for Predicting 

25 Antigenic Determinants, CABIOS, 4:181 (1988). Peptide molecules of typically between 10- 
20 amino acid residues are synthesised chemically and conjugated to keyhole limpet 
hemocyanin and used for antibody generation by Genosys Biotechnologies, 1442 Lake Front 
Circle, Suite 185, The Woodlands, Texas 77380. Specific antibodies may be raised by 
immunising animals, with rabbits being preferred, with an appropriate concentration of the 

30 GPR22 peptides either with or without an immune adjuvant. 
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Monospecific antibodies to the polypeptide of the present invention are purified from 
mammalian antisera containing antibodies reactive against the GPR22 polypeptide using the 
technique of Kohler andMilstein, Nature, 256:495 (1975). Mono-specific antibody as used 
herein is defined as a single antibody species or multiple antibody species with homogenous 

5 binding characteristics for the novel signal transduction molecule. Homogenous binding as 
used herein refers to the ability of the antibody species to bind to a specific antigen or 
epitope, such as those associated with sequences set out in tables 2 and 3. Monoclonal 
antibodies are produced in vivo by injection of pristane primed Balb/c mice, approximately 
0.5 ml per mouse, with about 2 x 10 6 to about 6 x 10 6 hybridoma cells about 4 days after 

10 priming. Ascites fluid is collected at approximately 8-12 days after cell transfer and the 
monoclonal antibodies are purified by techniques known in the art In vitro production of the 
anti-polypeptide mAb is carried out by growing the hydridoma in DMEM containing about 
2% foetal calf serum to obtain sufficient quantities of the specific mAb. The mAb are 
purified by techniques known in the art. 

15 

Table 1 

Human GPR22 cDSA sequence 
Genbank accession number U66581 

20 gttatttcttcaaaaggaaaacacaattttcttttatatcaaaacaatgcaaacttgatg 
gttcttaattctacattttctattaatagtttacaaacttaaaaattaaactaagtacac 
aattgaaagatttttttttcttacaaagaacacgttatacgtcatttaaattgccaaata 
tcaaatagtttattctatttcactttctagggaaaaaaaccaactgctccaaaagaatgt 
gtttttctcccattctggaaatcaacatgcagtctgaatctaacattacagtgcgagatg 

25 acattgatgacatcaacaccaatatgtaccaaccactatcatatccgttaagctttcaag 
tgtctctcaccggatttcttatgttagaaattgtgttgggacttggcagcaacctcactg 
tattggtactttactgcatgaaatccaacttaatcaactctgtcagtaacattattacaa 
tgaatcttcatgtacttgatgtaataatttgtgtgggatgtattcctctaactatagtta 
tccttctgctttcactggagagtaacactgctctcatttgctgtttccatgaggcttgtg 

30 tatcttttgcaagtgtctcaacagcaatcaacgtttttgctatcactttggacagatatg 
acatctctgtaaaacctgcaaaccgaattctgacaatgggcagagctgtaatgttaatga 
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tatccatttggattttttcttttttctctttcctgattccttttattgaggtaaattttt 
tcagtcttcaaagtggaaatacctgggaaaacaagacacttttatgtgtcagtacaaatg 
aatactacactgaactgggaatgtattatcacctgttagtacagatcccaatattctttt 
tcactgttgtagtaatgttaatcacatacaccaaaatacttcaggctcttaatattcgaa 

5 taggcacaagattttcaacagggcagaagaagaaagcaagaaagaaaaagacaatttctc 
taaccacacaacatgaggctacagacatgtcacaaagcagtggtgggagaaatgtagtct 
ttggtgtaagaacttcagtttctgtaataattgccctccggcgagctgtgaaacgacacc 
gtgaacgacgagaaagacaaaagagagtcttcaggatgtctttattgattatttctacat 
ttcttctctgctggacaccaatttctgttttaaataccaccattttatgtttaggcccaa 

10 gtgaccttttagtaaaattaagattgtgttttttagtcatggcttatggaacaactatat 
ttcaccctctattatatgcattcactagacaaaaatttcaaaaggtcttgaaaagtaaaa 
tgaaaaagcgagttgtttctatagtagaagctgatcccctgcctaataatgctgtaatac 
acaactcttggatagatcccaaaagaaacaaaaaaattacctttgaagatagtgaaataa 
gagaaaaacgtttagtgcctcaggttgtcacagactagagaaaagtctcagtttcaccaa 

15 atccacattcaaatgagttttaaatttaaattgtaaaaactgatattactgccaaatata 
agaaaaatattttaagtattggttatgttgtaaattttcaatgtgaaatgctaattagat 
aggtcatatatattcaatttcttcattacttaatgtatttgttgcatggcagtttgttaa 
agtactatcatgtgtatattttgtcaatattatgtccaacagaaaatattcatgtaagtc 
atattttttaaggaataaatacatagccttaaaacagtgtataactttaaaatgtaaaaa 

20 aaaaaaaaaaaaaaaaaaaaa 

Table 2 

Human GPR22 amino acid sequence 
25 EMBL accession number Q99680 

MCFSPILEINMQSESNITVRDDIDDINTNM^ 
VLYCMKSNLINSVSNIIT^ 
VSTAIWFAITLDRYDISVKPANRILTMGR^ 
30 WENKTLLCVSTNEYYTELGMYYH^^ 

KZkRKKKT I S LTTQHEATDMS QS S GGRNWFGVRTS VS VI IALRRAVKRHRERRERQKRVFRMS 

LLIISTFLLCWTPISVIJm 

KSKMKKRWSIVEADPLPNl^VI 
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CLAIMS 

1 . A method for the provision of an appetite control agent which method comprises 
using one or more agonists and/or antagonists of the G protein coupled receptor GPR22 as 

5 test compounds in one or more appetite control test procedures, and selecting an active 
compound for use as an appetite control agent 

2. A method for the provision of an appetite control agent which method comprises (i) 
screening for agonists and/or antagonists of GPR22 and (ii) using one or more agonists and/or 

10 antagonists so identified as test compounds in one or more appetite control test procedures, 
and selecting an active compound for use as an appetite control agent 

3 . The use of an agonist of GPR22 as identified according to claim 1 or claim 2, as an 
appetite control agent. 

15 

4. The use of an antagonist of GPR22 as identified according to claim 1 or claim 2, as an 
appetite control agent 

5 . A method of appetite control which method comprises administering to an individual 
20 a phannaceutically effective amount of an appetite control agent identified according to the 

method of claim 1 or claim 2. 

6. An antisense oligonucleotide which is complementary to all or a part of the nucleotide 
sequence shown in Seq. ID1. 

25 

7. A dominant negative mutant of GPR22. 

8. A dominant positive mutant of GPR22. 

30 9. The use of a mutant as claimed in claim 7 or claim 8 in evaluating the role of GPR22 
in the control of appetite. 

10. A transgenic non-human animal in which the GFR22 gene has been deleted, 
inactivated or modified. 

35 

11. The use of a transgenic animal as claimed in claim 10 in evaluating the effects of test 
compounds in appetite control and obesity. 

12. Diagnostic antibodies raised against a GPR22 polypeptide for use in the detection of 
40 physiological eating disorders. 
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SEQUENCE LISTING 

<110> ASTRAZENECA AB 

5 <120> GPR56 

<130> NGAP/100042 

<140> 
10 <141> 

<160> 2 

<170> Patentln Ver. 2.1 

15 

<210> 1 
<211> 2822 
<212> DNA 
<213> Human 

20 



<400> X 





cggcagcagg 


gtctcgctct 


gtcacacagg 


ctggagtgca 


gtggtgtgat cttggctcat 


60 




cgtaacctcc 


acctcccggg 


ttcaagtgat 


tctcatgcct 


cagcctcccg agtagctggg 


120 




attacaggtg 


gtgacttcca 


agagtgactc 


cgtcggagga 


aaatgactcc ccagtcgctg 


180 


25 


ctgcagacga 


cactgttcct 


gctgagtctg 


ctcttcctgg 


tccaaggtgc ccacggcagg 


240 




ggccacaggg 


aagactttcg 


cttctgcagc 


cagcggaacc 


agacacacag gagcagcctc 


300 




cactacaaac 


ccacaccaga 


cctgcgcatc 


tccatcgaga 


actccgaaga ggccctcaca 


360 




gtccatgccc 


ctttccctgc 


agcccaccct 


gcttcccgat 


ccttccctga ccccaggggc 


420 




ctctaccact 


tctgcctcta 


ctggaaccga 


catgctggga 


gattacatct tctctatggc 


480 


30 


aagcgtgact 


tcttgctgag 


tgacaaagcc 


tctagcctcc 


tctgcttcca gcaccaggag 


540 




gagagcctgg 


ctcagggccc 


cccgctgtta 


gccacttctg 


tcacctcctg gtggagccct 


600 




cagaacatca 


gcctgcccag 


tgccgccagc 


ttcaccttct 


ccttccacag tcctccccac 


660 




acggccgctc 


acaatgcctc 


ggtggacatg 


tgcgagctca 


aaagggacct ccagctgctc 


720 




agccagttcc 


tgaagcatcc 


ccagaaggcc 


tcaaggaggc 


cctcggctgc ccccgccagc 


780 


35 


cagcagttgc 


agagdctgga 


gtcgaaactg 


acctctgtga 


gattcatggg ggacatggtg 


840 




tccttcgagg 


aggaccggat 


caacgccacg 


gtatggaagc 


tccagcccac agccggcctc 


900 




caggacctgc 


acatccactc 


ccggcaggag 


gaggagcaga 


gcgagatcat ggagtactcg 


960 




gtgctgctgc 


ctcgaacact 


cttccagagg 


acgaaaggcc 


ggagcgggga ggctgagaag 


1020 




agactcctcc 


tggtggactt 


cagcagccaa 


gccctgttcc 


aggacaagaa ttccagccaa 


1080 


40 


gtcctgggtg 


agaaggtctt 


ggggattgtg 


gtacagaaca 


ccaaagtagc caacctcacg 


1140 




gagcccgtgg 


tgctcacttt 


ccagcaccag 


ctacagccga 


agaatgtgac tctgcaatgt 


1200 
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gtgttctggg ttgaagaccc cacattgagc 
gagaccgtca ggagagaaac ccaaacatcc 
gtgctgatgg tctcctcggt ggaggtggac 
tcctacgtgg gctgtgtcgt ctctgccctg 
5 tgctccaggg tgcccctgcc gtgcaggagg 
atgaacctgc tgctggccgt cttcctgctg 
gccctgacag gctctgaggc tggctgccga 
ctcacctgcc tttcctggat gggcctcgag 
gtctttggca cctatgtccc tggctaccta 

10 cccatctttc tggtgacgct ggtggccctg 
ttggctgtgc ataggactcc agagggcgtc 
tccctggtca gctacatcac caacctgggc 
gccatgctag ccaccatggt ggtgcagatc 
tcacatgtgc tgacactgct gggcctcagc 

15 ttcttctcct ttgcttctgg caccttccag 
acctccttcc aaggcttcct catcttcatc 
ggtggcccct cccctctgaa gagcaactca 
agcacctcgt ccagccgcat ctaggcctcc 
tgcggcctcg tcgcacactg cctgtggccc 

20 ccgcagactt tggaaagccc aacgaccatg 
ctcccggggc tggggctttt gaattggcct 
acgggactca gaagtgcgcc gccatgctgc 
ccagctggag gcctggtctc tccttacaac 
ggccttggat cttgagggtc tggcacatcc 

25 tgtggctcca gttgctctgt ctctcgtggt 
ttttaacctc aggtggcacc cagggcgaat 
ccctggcgga ggagaggccc tttgccagga 

eg 

30 

<210> 2 
<211> 3021 
<212> DNA 
<213> Murine 

35 

<400> 2 

agacagegtg atcccggcct cccacggggc 
aagtccatgg agtctgaaga ctctgtcaag 
gcacttggca ceggaagcta geegggtagg 
40 gectagacag gctcagacta ggtgctgggc 
aaggctgtta acagaagtgc ctgcctaggc 



-2- 

agcccggggc attggagcag tgctgggtgt 1260 
tgettctgea accacttgac etactttgea 1320 
gccgtgcaca agcactacct gagcctcctc 1380 
gcctgccttg tcaccattgc cgcctacctc 1440 
aaacctcggg actacaccat caaggtgeae 1500 
gacacgagct tcctgctcag egagceggtg 1560 
gccagtgcca tcttcctgca cttctccctg 1620 
gggtacaacc tctaccgact cgtggtggag 1680 
ctcaagctga gcgccatggg ctggggcttc 1740 
gtggatgtgg acaactatgg ccccatcatc 1800 
atctaccctt ccatgtgctg gatcegggae 1860 
ctcttcagcc tggtgtttct gttcaacatg 1920 
ctgcggctgc gcccccacac ccaaaagtgg 1980 
ctggtccttg gcctgccctg ggecttgate 2040 
cttgtcgtcc tctacctttt cagcatcatc 2100 
tggtactggt ccatgcggct gcaggcccgg 2160 
gactgcgcca ggctccccat cagctcgggc 2220 
agcccacctg cccatgtgat gaagcagaga 2280 
ccgagccagg cccagcccca ggccagtcag 2340 
gagagatggg ccgttgccat ggtggacgga 2400 
tggggactac tcggctctca ctcagctccc 2460 
ctagggtact gtccccacat ctgtcccaac 2520 
ccctgggccc agectcattg ctgggggcca 2580 
ttaatcctgt gcccctgcct gggacagaaa 2640 
caccctgagg gcactctgca tcctctgtca 2700 
ggggeccagg gcagaccttc agggecagag 2760 
gcacagcagc agctcgccta cctctgagcc 2820 

2822 



agcttttact gtctagggaa gaaatcccca 60 
cctcgctagg aaacctagga gttttagagg 120 
cggagcctca cctggattga gttcacagct 180 
acctgggagg aggaggagac attagcagca 240 
ttggaggcaa gaegctgetg ttcacagtgc 300 
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gagacggagg taggagtata atggctgtcc 
tgagtctgtt ttctctggtg caaggtgcac 
tctgtggcca gcggaaccag acccaacaga 
ctcacatctt tgtgtggaac acagaggaga 
5 ccccagatat tccccgcttc ttcccagagc 
ggagtcgcca cactgggaga ctccacttgc 
gccaagcctc cagactcctc tgcttccaga 
cgctgatcgc cacctctgtc agctcctggc 
ctccgagctt catcttctcc ttccacaatg 

10 tggacatgtg tgatctcaag aaggaattgc 
aaaaggctgc caagcggccc accgcagcgt 
caaagctgac ctctgtgagc ttcctgggag 
atgctacagt gtggaagctg ccacccacag 
agaaggagga ggagcagagt gaggtccagg 

15 tccagcagac cagaggccgt cgccgggatg 
gcagccaagc tttgttccag gacaagaatt 
gtattgtcgt gcagaacacc aaagtcacca 
agcaccagcc tcagccaaaa aatgtgactc 
catcaagcag cacagggagc tggagcagtg 

20 agacatcctg cctgtgcaac cacctgacct 
aggtagaagc cactcacaaa cactacctca 
ctgctctggc ttgtgtcttc actatcgctg 
actacaccat caaagtccac atgaacctgc 
tcctgctcag cgagcctgtg gcactgacgg 

25 tgttcctgca cttctccctg cttgcctgcc 
tctaccgact ggtggtggag gtcttcggta 
gcatcgtggg ctggggtttt cctgtcttcc 
ataactacgg ccccattatc ctagctgtgc 
ctatgtgctg gatccgggac tccctggtga 

30 tggtgttcct gttcaacctg gctatgctgg 
gcccgcacag ccagaactgg ccccacgtgc 
gcctcccctg ggccttggtc ttcttttcct 
tctacctctt cagcatcata acttcctacc 
ccatgcggtt ccaggcccaa ggcggcccct 

35 aactccccat cagctccggc agcacctcct 
ccctccggga ggacacatgc atggcgtccg 
cacccagcct ttgttggtta gtggcatact 
gctgttgctc tgagggacct ccatctctcc 
atacagccac cctttcaacc cagcactctg 

40 ggccaagctt gatctttttc ctaagaagtg 
acactgggct gcctagtgtg aattctgtcc 



-3- 

aggtgctgcg gcagatggtc tacttcctac 360 
acagtggcag cccccgagaa gacttccgct 420 
gcaccctcca ctatgatcaa tcttcagagc 480 
ccctcacaat tcgtgccccc ttcctggcag 540 
ctagagggct ctatcacttc tgcctctact 600 
gctatggcaa gcatgactac ctgcttagta 660 
aacaggagca gagcctgaag cagggagccc 720 
agattcccca gaacaccagc ctgcctgggg 780 
ccccacacaa ggtctcccac aatgcatctg 840 
agcagcttag caggtacctg cagcaccctc 900 
tcatcagcca gcagttacag agcctggagt 960 
acacattatc ctttgaggag gaccgggtca 1020 
ccggtctaga ggatctgcat atccactccc 1080 
catactcgct gttgcttccc cgggccgtat 1140 
acgccaagag gctcctggta gtagacttca 1200 
ctagccaagt cctgggtgag aaggtcttgg 1260 
acctctcaga tccggtggta ctcaccttcc 1320 
tgcagtgcgt gttctgggtt gaagacccgg 1380 
caggctgcga gacagtgagc agagacacac 1440 
actttgcagt gctgatggtg tcatccacag 1500 
cgctcctgtc ctacgtgggc tgtgtcatct 1560 
cctacctctg ctccaggagg aagtcacgtg 1620 
tgtccgctgt cttcctgctg gacgtgagct 1680 
gctccgaagc agcctgtcgc accagtgcca 1740 
tctcctggat gggcctcgag ggctacaatc 1800 
cctatgtgcc cggctatctg ctcaagctga 1860 
tggtcactct ggtggcgttg gtggatgtga 1920 
gccggactcc ggaacgtgtc acctacccct 1980 
gctatgtcac caacctgggc ctcttcagtc 2040 
ccaccatggt ggtgcagatc ctgcggcttc 2100 
tgaccctgct gggcctcagc ctggtccttg 2160 
ttgcttccgg caccttccag cttgtcatcc 2220 
aaggcttcct catcttcctg tggtactggt 2280 
cccctctgaa gaacaactca gacagcgcca 2340 
ccagccgcat ctaagccacc gccacacctc 2400 
ctcacgatgt ctgtggccca gtgctgtgcc 2460 
agagaaggcc ctggtccttg aaggcgtagg 2520 
tgaagcct cc tccctctggc aagtactggg 2580 
aagaccaaga cagccccctc tggtgacact 2640 
gtcttcagat ccccgcaggt cgctcagaag 2700 
tactaacgta cagtgagcag ctcctcaccc 2760 
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ccacccccgc aaaagctctc accaagtcct 
gaggacttcc tgcaaaaggc agcatttcat 
gttcttttta aataccagtt catttgtctt 
gaaactgtag gcgattgtcg agaagagaaa 
aaagcagcac aaaaaaaaaa a 



-4- 

ggagtgtcag gcagggggct ggaaatccag 2820 
cttgacctca gccttcaggt tggggagaat 2880 
ttgatattaa agctctttat agagagtctg 2940 
taaaaatgag ctgttatcta atgccatggc 3000 

3021 



